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High  density  phenomenon 
Multiple  quantum  veils 
Excitons 


A  sharp  photoluminescence  spectral  feature  has  been  observed  in  AlGaAs.GaAs 
molti-quantua-vell  structures  under  high  Intensity,  resonant  excitation  at 
the  ground  state  exciton.  This  feature,  which  appears  Belov  the  exciton  ground 
state,  emerges  from  a  cold  dense  system  of  excitons,  but  prior  to  the  break-up 
of  excitons  into  an  electron-hole  plasma,  A  collective  excltonlc  state  is 
speculated*. 
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AISTRACT 

A  sharp  photol uni nascance  spectral  feature  has  bean  observed  In  AlGaAs/fiaAs 
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aul tl -quantun-uel 1  structures  under  high  Intensity*  resonant  excitation  at  the 
ground  state  axel ton.  This  feature,  which  appears  below  the  exclton  ground 
state*  larjai  from  a  cold  dense  system  of  axel  tons*  but  prior  to  the  break-up 
of  axel  tons  Into  an  electron-hole  plasaa.  A  collective  excltontc  state  is  spec¬ 
ulated. 
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The  above  experleentsl  reset ts  are  appllcehle  to  aewber  ofsanpWa.  The 
■spies  with  145  and  63  A  well  jftdtfcyleldtbe  net  sepfeetlve  data.  Tahiti 
Hefty  n—irlzes  the  nesored  dmstirtitlw  *  of  the  enpeHnetet  r.  reset  tsV 
here  are  saaptes  which  failed  to  exhibit  this  died  of  bstaaxaaetton  emission , 


nstead,  bread  toed  eelselee  extendi np  toward,  hi  ftoreeorg*,1w«.  Barste1n 
hi  ft,  was  observed.  Me  believe  that  1e  then  inptet»  optically  generated  car- 
lers  felt  to  coaptetety  relax  in  snerfy  within  their  radiative  reeeehlnatloe 
Ifetln  to  fore  a  nny  tody  state.  kA,  ,2  ■ 
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hr  highly  excited  hath  teAtC4,S3«  A  s tractors  labeled  A  or  f  by  varieos  so- 
tors  appeared  to  be  s Intier  to  I*,  atthoegh  the  1  attar  sens  to  be  eore  pro- 
oonced.  The  A/f  stroctere  has  beee  Interpreted  [53  as  an  axel ton-excl ten  (or 
xcltonlc  pot aH ton)  scattering  affect.  for  this  case,  this  andet  woold  Involve 
mo  toevy  holt  axel toes  oedergolng  a  collision  which  loaves  a  light  tola  axclton 


ad  a  photon  which  toconas  X',  Nowevar,  this  eodel  does  net  appear  to  to  satis- 
hetery  to  accoent  for  X*.  A  seHees  objection  Is  based  ee  the  Zenae  behavior 
f  voHoea  states,  shewn  in  fig.  4.  The  light  hele  axclton  states  split  into 
mp  reselvehlo  states  with  spposlte  polaHxatlsn.  Yst  no  sech  corresponding 
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at  a  ImoIooscooco  foaturo  arising  fret  a  cold  dense  axel  ton  gas,  prior  to  tho 
nation  of  tfogtiiorato  electron- hole  total 11c  phases.  Thorn  have  boon  thoorot- 
1  stotflosCO  which  predict  a  first  order  Mott  transition  for  a  20  Coulotb 

•  directly  frsoaenntraV phase  to  a  plasoaphase.  Tho  picture  frot  thetwr- 

t  aaporftontal  mrk  .appear*  to  bo  aom  ootpl  looted  the*  thfs  theoretical 
et .  There  eppeertteheon  interned  a  to  state  between  on  end  ten  gas  anden 
.  X*  could  represeet  a  •coTlectiae <: state  fervid  fcrot  a  systat  of  ZB  l eteract- 
\  excItens.A  possible  heron  tm<  fnterwtlOn,  »  endtons  exchanging 

1  or  wtrtadl  acoustic  pTf—ni  ot  enrtetn  end  to*  crttfceT  dohslty  1*  a  hy- 
hetlcal  consideration,  tuch^ytsew  of  Inter oertng  afefVM*  appdar  to  fora  a 
end  stata  prior  to  tho  fOmetlon  of  a  degenerate  el  oWWn-hoi o  phase  at  tech 


>•  x*  could  represents  >«>1oct1e«  stateforwdbrta  ssystas 
i  excItens.  A  pnsslble  .Hd  hsass  :  fnterwtlOa,  'fcWffr  end 
1  or  vlrtoil  acoustic  pin— i  ot  enrtetn  end  to*  crttfceT 
hetlcal  consideration.  Isdnytitl  of  idtereetfcg  exenens 
ted  state  prior  to  tho  fOraotloa  of  a  degeeertte  olodirbn  ho 
bar  donsltlas. 
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Tabic  I.  Energy  (E)  and  llnewldth  (r)  In  unit  of  mV  of  X',  the  heavy 
bole  exclton  X.  and  the  light  hole  exclton  X ,  for  two  saaples. 
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Meatureaenta  are  by  optical  Mthoda. 
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FI6URE  CAPTION 

(a1):  absorption  spec tru*  of  MQW  l  at  low  Intensity.  ^  and  X£ 
are  the  heavy  hole  and  the  light  hole  exclton,  respectively,  (al): 
and  (a2):  luminescence  spectra  of  emission  normal  to  the  MQW  layer 
plane  (normal  configuration)  obtained  with  low  Intensity,  CVI  6328  A 
laser  excitation.  The  highest  energy  peak  Is  the  heavy  hole  exclton, 
and  lower  energy  structures  are  extrinsic  which  saturate  as  I  Is  In¬ 
creased.  (b):  normal  configuration  luminescence  spectra  obtained  with 
pulsed  dye  laser  excitation  at  1.5395  eV  (near  resonance  excitation), 
showing  X*  emergence,  (b)  were  smoothed;  some  structures  are  probably 
not  real  since  they  are  well  within  the  noise  level. 


Normal  configuration  luminescence  spectra  at  still  higher  excitation 
Intensities  where  a  second  structure.  Identified  as  due  to  an  EHP,  ap¬ 
pears  and  overwhelms  X'. 


(a)  and  (b):  normal  configuration  luminescence  spectra  with 
hv  -1.5395  eV  (near  resonance)  and  1.92  eV  (off  resonance),  respec¬ 
tively.  I  n  30tl0  kU/cm2.  The  structure  In  (b)  may  be  due  to  an 
EHP,  thus  different  from  that  In  (a),  which  Is  X*.  (c)  and  (d):  exci¬ 
tation  spectra,  showing  X'  normal  configuration  luminescence  Intensi¬ 
ty,  collected  within  the  Indicated  band  (  1.5  neV  wide)  as  a  function 
of  to* .  The  resonance  at  the  heavy  hole  exclton  Is  also  Indicated 
by  an  arrow,  (d)  Is  vertically  shifted  for  the  sake  of  clarity. 
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Zmmr  shifts  of  X* ,  the  heavy  hole  exclton  X^  and  light  hole  exclton 
X^  In  MQH  1.  Data  on  X£  were  obtained  via  low  Intensity  excitation 
spectroscopy.  The  labels  ±3/2,±l/2  represent  spin  quantum  numbers  of 
the  hole,  (a)  Is  2hv(Xja)-hv(X' ).  According  to  the  excltonlc  scatter¬ 
ing  model,  conservation  of  energy  requires  (a)  coincide  with  at  least 
oise  of  the  two  Xt  branches.  8ut  the  deviation  is  clearly  systematic, 
(b)  Is  the  theoretical  calculation  of  free  e-h  pair  energy. 
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